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Human behavior is intrinsically complex and challenging behavior displayed by people with intellectual and developmental disabilities, such as self-injurious behavior, aggression and property destruction is no exception to this rule. Such behaviors have an array of negative physical and social consequences, which may exert a devastating impact on an individual’s quality of life. Functional analysis is the hallmark of the behavioral approach to the assessment and treatment of challenging behavior. Functional analysis has provided a means of identifying and thereby altering the environmental relations that serve to evoke and maintain challenging behavior (Iwata et al., 1982/1994). A number of studies have shown that such behaviors are typically members of one or a combination of four functional classes; that is they may be maintained by contingent escape from aversive stimuli, access to attention, access to tangibles or by their automatic consequences (e.g., Derby et al.,1992). The selection of behavioral interventions is dictated by the function served by challenging behavior, and this represents a radical departure from approaches that relied on the imposition of powerful contingencies to override existing behavior-environment relations. 
	Despite the significant contributions made by functional analysis, it has been argued that it ‘is not enough’ (Reiss & Havercamp, 1997). Reiss and Havercamp (1997) maintain that interventions based on functional analysis do not serve all people with intellectual and developmental disabilities equally well. Indeed it appears that challenging behavior may show considerable variability even when the consequences and discriminative stimuli surrounding behavior remain constant (e.g., Carr, Reeve, & Magito-McLaughlin, 1996). Such variability when unaccounted for represents a barrier to the effective maintenance and generalization of interventions. According to sensitivity theory, challenging behavior stems not only from aberrant contingencies (i.e., the direct reinforcement of challenging behavior) and aberrant environments (i.e., environments characterized by high levels of aversive control or limited access to reinforcement) but also from aberrant motivation (i.e., a desire for excessive amounts of reinforcement). It is individual differences in the strength of underlying traits that determine aberrant motivation and thus the ability of stimuli to act as reinforcers or punishers (Reiss & Havercamp, 1997). In their critique of sensitivity theory Freeman, Anderson, Haak, Girolami, and Scotti (1998) argued that the approach was incompatible with functional analysis due to its reliance on inferred and spurious variables.
	The current paper is in agreement that aberrant contingencies play a vital role in challenging behavior displayed by people with intellectual and developmental disabilities. We also agree with Reiss and Havercamp (1997) that the effective treatment and prevention of challenging behavior requires that the sources of ‘motivation’ to engage in such behavior are understood. However we assert that it is superfluous to develop hypothetical and mentalistic constructs (desires, traits, addictions- all terms used in sensitivity theory) to account for behavioral variability. Rather ‘motivation’ can be more parsimoniously explained in terms of the directly observable (and manipulable) environmental and biological determinants of behavior. These factors may be heuristically described as challenging environments and challenging needs (McGill, 1993) and remain compatible with functional analysis. Such factors establish the ‘motivation’ to engage in challenging behavior by functioning as motivating operations (Michael, 1982, 1993; Laraway, Snycerski, Michael, & Poling, 2003). 
	The purpose of this paper is to revisit the theoretical analysis of challenging behavior presented by Reiss and Havercamp (1997) and reviewed by Freeman et al. (1998) in light of recent conceptual developments in behavior analysis and advances in the understanding of the biological context in which challenging behavior develops and occurs (see table 1 for a schematic comparison between these three approaches). The paper begins by introducing the concept of the motivating operation before going on to discuss the factors of which ‘motivation’ is a function, namely challenging environments and challenging needs. Finally an interactive and integrative model of challenging behavior is proposed, one that may be of greater utility in the assessment, treatment and prevention of challenging behavior than those proposed by either Reiss and Havercamp (1997) or Freeman et al. (1998).

The Motivating Operation
‘Motivation’ plays an important role in human behavior and diverse strands of psychological research have attended to this concept (Kennedy & Meyer, 1998). Indeed, in commonsense understanding at least, the occurrence of a behavior reflects not only the ability but also the ‘motivation’ to display it. The motivating operation represents the incorporation of ‘motivation’ into the experimental and applied analysis of behavior (Michael, 1982, 1993; Laraway et al., 2003). 
Motivating operations refer to an environmental event, operation or stimulus condition with two independent yet related properties (Laraway et al., 2003). The first property is termed the value-altering effect, and refers to the altered effectiveness of certain other events as reinforcers or punishers. The second property is referred to as the behavior-altering effect, and refers to the altered frequency of behavior that has been previously associated with those reinforcing or punishing events. Thus, food deprivation is a motivating operation that alters the value of food as a reinforcer and alters the frequency of behavior that has in the past been associated with food. The effects of motivating operations are bi-directional. So the value of consequences as reinforcers or punishers may be either established or abolished, and the effect on behavior may be either evocative or abative. For example, following a period of attention deprivation an individual may be more ‘motivated’ to access social attention (i.e., the value of attention as a reinforcer is established) and behaviors that have been historically associated with attention, such as engaging in self-injurious behavior, are more likely to occur (i.e., behavior is evoked). After a period characterized by high levels of attention, however, the ‘motivation’ for this consequence may be abolished and behaviors that have led to attention in the past, such as self-injury, may be less likely to occur (i.e., abate). Thus the concept of the motivating operation directs attention to the functional determinants of behavioral variability in conditions in which the discriminative stimuli and consequences surrounding behavior otherwise remain constant.
The currently accepted definition of the motivating operation refers to conditions that alter the momentary effectiveness of other events as reinforcers and punishers (Michael, 1982, 1993; Laraway et al., 2003). However it appears that some events (such as certain biological and genetic factors) may exert value and behavior-altering effects that are more enduring. The inclusion of such events requires an expansion of the currently accepted definition of the motivating operation. However others have described such factors in terms of motivating operations (e.g., Kennedy, Caruso, & Thompson, 2001; Moore, 2002) and there appears to be little justification for restricting the concept solely to those variables whose effects are momentary. 
Of particular note to the current discussion is the correspondence between the effects of the motivating operation and those of aberrant motivation as proposed by Reiss and Havercamp (1997). According to sensitivity theory the higher the set point of a person’s sensitivity (a) the more effective is the reinforcer, (b) the larger is the amount of reinforcement needed to satiate the person, (c) the more intense and persistent is the person’s seeking of reinforcement, (d) the more impatient the person is while waiting for reinforcement, and (e) the smaller is the minimal amount of reward that can function as reinforcement for instrumental behavior (Reiss & Havercamp, 1997, p.557). All of these effects are encompassed and explained more parsimoniously within the value- and behavior- altering effects of the motivating operation. Taking attention-maintained behavior as an example, sensitivity theory attempts to explain the ‘motivation’ for such behavior in terms of a heightened ‘need’ for attention. The strength of this ‘need’ or ‘sensitivity’ is measured indirectly using a psychometric instrument and effective intervention is deemed to be dependent on the modification of the underlying trait. It remains unclear, however, how one can effectively modify underlying personality traits (Freeman et al., 1998). In contrast an analysis based on motivating operations, seeks to isolate and manipulate the observable conditions that establish attention as an effective reinforcer, enabling ‘motivation’ to be objectively incorporated into a science of behavior. 
Challenging Environments
The environments in which many people with intellectual and developmental disabilities spend a large proportion of their time are replete with characteristics that may establish the ‘motivation’ for challenging behavior (McGill & Toogood, 1994). The implications of environmentally based motivating operations (challenging environments) for the assessment and treatment of challenging behavior have been comprehensively reviewed elsewhere (McGill, 1999; Smith & Iwata, 1997). As such the following section provides only a brief discussion of environmentally based motivating operations for behavior maintained by automatic positive reinforcement, attention, tangibles and escape. 
Environments that are austere or barren of stimulation may function as motivating operations for challenging behavior that is automatically positively reinforced (McGill & Toogood, 1994). The ‘alone’ experimental assessment condition described by Iwata et al. (1982/1994) provides one means of testing the effect of this motivating operation. The relevant motivating operation in this case is typically the absence of some form of social or physical stimulation. Interventions that provide a greater amount of environmental stimulation, through environmental enrichment for example, may serve to abolish the effectiveness of automatic forms of positive reinforcement and abate those behaviors, such as stereotypy or self-injurious behavior, that may have led to this in the past (DeLeon, Anders, Rodriguez-Catter, & Neidert, 2000; Kennedy & Souza, 1995).
 The motivating operation typically identified for attention-maintained behavior has been the deprivation or satiation of attention (O’Reilly, 1999). This has been investigated by manipulating levels of attention in pre-session conditions prior to running an experimental functional analysis (e.g., Berg et al., 2000; O’Reilly, 1999). However other idiosyncratic factors such as location and the deprivation of specific forms of attention have also been shown to exert a similar effect. Providing attention non-contingently has been demonstrated as an effective means of treating attention-maintained challenging behavior (Vollmer, Iwata, Zarcone, Smith, & Mazaleski, 1993). The success of such interventions seems to at least partly depend on the direct modification of motivating operations (McGill, 1999).
The deprivation of preferred objects and activities appears to function as a particularly pertinent motivating operation for tangible-maintained challenging behavior. There have been several clear demonstrations of the effects of deprivation and satiation on the value of tangible reinforcers for individuals with intellectual and developmental disabilities (e.g., Vollmer & Iwata, 1991). Manipulating the availability of preferred items has also been demonstrated to be an effective means of treating tangible-maintained challenging behavior (DeLeon, Arnold, Rodriguez-Catter, & Uy, 2003; Marcus & Vollmer, 1996).
High levels of social control and aversive stimuli may function as motivating operations for negatively reinforced behavior. Both the preceding and concurrent context in which demands are presented have been shown to function as motivating operations for escape-maintained behavior (e.g., O’Reilly & Carey, 1996). For example the systematic manipulation of the rate, duration and novelty of instructional demands were all shown to alter the degree to which demands functioned as aversive stimuli and the probability of challenging behavior (Smith, Iwata, Goh, & Shore, 1995). Interventions that have manipulated such conditions or provided escape non-contingently have been effective in treating escape-maintained challenging behavior (e.g., Smith et al., 1995). 
Such an analysis directs attention to ecological manipulations that ‘smooth the fit’ between the person and their environment (LaVigna & Donnellan, 1986). Such manipulations may achieve their effects by acting directly on those environmental variables that function as motivating operations. Constructing environments that are responsive, low in coercion and social control, rich in stimulation, attention and access to preferred objects and activities may serve to abolish the effectiveness of certain events as reinforcers and reduce or even prevent challenging behavior (McGill & Toogood, 1994). Such an analysis, admittedly, runs parallel to discussions of the ‘aberrant environment’ as espoused by both Reiss and Havercamp (1997) and Freeman et al. (1998). However using the term motivating operation to describe and thus explain such relations provides a conceptual system, which relates what would otherwise be technological descriptions to underlying principles of behavior (Baer, Wolf, & Risley, 1968). 

Challenging Needs
The ‘motivation’ to engage in challenging behavior is not only a function of environmental factors; it may also be established by an individual’s biological context (Morris & Midgley, 1990). Uncovering how behavior-environment relations both change and are changed by the biological context in which they occur will provide a more complete account of challenging behavior and will potentially provide better treatment outcomes for people with intellectual and developmental disabilities (Carr & Smith, 1995; McGill, Murphy, & Clare, 1996). The importance of the interaction between environment and the individual has been long recognized in applied behavior analysis (e.g., Bijou & Baer, 1961; Skinner, 1953). However it is only relatively recently that systematic attempts have been made to integrate personal and biological variables with a functional analysis of challenging behavior. This may have been, in part, due to the lack of a conceptually systematic approach to their analysis. The concept of the motivating operation may provide a means of bridging the gap that exists between operant and biological sciences and promote a more integrative approach to challenging behavior. In the following section we review relevant research that has addressed the effect of biological variables on behavior-environment relations. The discussion is structured topographically according to the genetic, neurobiological, and physiological functioning of people with intellectual and developmental disabilities.  
	
Genetic Events and Behavioral Phenotypes
Technological and scholarly advances that have accompanied the Human Genome Project have meant that variables that were once considered to be outside the realms of scientific investigation may now be incorporated into the experimental analysis of behavior (Kennedy et al., 2001). Though there is some debate as to what constitutes a behavioral phenotype, for current purposes it can be taken to refer to the broad array of developmental and behavioral characteristics that are more likely to be present in individuals with a particular genetic syndrome (Dykens, 1995). Of interest in the context of the current discussion, is the impact of genetic events on behavioral function. The concept of the motivating operation provides a means of describing the functional effects of certain genetic syndromes on behavior-environment relations (Kennedy et al, 2001). Evidence to support the role of genetic events as motivating operations is relatively sparse, however the following section shall review those syndromes for which gene-behavior-environment relations have been investigated.

Rett syndrome. 
Rett syndrome is a X-linked neuro-developmental disorder that almost exclusively affects females, occurring in 1/10,000 to 1/20,000 live female births (Hagberg, Goutieres, Hanefeld, Rett, & Wilson, 1985). The genotype for Rett syndrome lies in the mutation of a single gene, the methyl-DpG binding protein-2 (MECP-2) gene, which is thought to play an important role in modulating neuronal and synaptic plasticity and maturity (Mullaney, Johnston, & Blue, 2004). The behavioral phenotype for Rett syndrome includes the loss of purposeful hand skills, social withdrawal, communication dysfunction and the loss of spoken language skills (Hagberg et al., 1985).
Only a small number of studies have investigated behavior-environment relations in Rett syndrome. However, all have shown that stereotypical and self-injurious behavior displayed by females with Rett syndrome may be maintained by either escape from aversive stimuli and/or automatic reinforcement. Some studies have solely manipulated antecedent experimental conditions in identifying the function served by stereotypical and self-injurious behaviors associated with Rett syndrome (Oliver, Murphy, Crayton, & Corbett, 1993; Wales et al., 2004; Wehmeyer, Bourland, & Ingram, 1993). A more convincing demonstration is provided by those studies that have included an experimental manipulation of the consequences that maintain challenging behavior (Iwata, Pace, Willlis, Gamache, & Hyman, 1986; Roane, Piazza, Sgro, Volkert, & Anderson, 2001). In their study Iwata et al. presented data to suggest that self-injurious behavior displayed by two girls with Rett syndrome was maintained by its automatic consequences. This interpretation was supported by the inclusion of a sensory extinction treatment component. From this small sample of studies it appears that Rett syndrome may be associated with forms of challenging behavior that are maintained by a process of negative reinforcement and/or automatic reinforcement.  

Williams syndrome.
Williams syndrome in 90% to 95% of cases results from a chromosomal deletion of 7q11.23 and occurs at a frequency of 1 in 10,000. The behavioral phenotype for Williams syndrome includes restlessness, hyperactivity, distractibility, high levels of anxiety, over-friendliness and attention-seeking behavior (Pober & Dykens, 1996). Hyperacusis may also be present in as many as 95% of individuals with Williams syndrome (Klein, Armstrong, Greer & Brown, 1990). 
Of interest in the current discussion is the impact of aspects of this phenotype on behavior-environment relations. O’Reilly, Lacey and Lancioni (2000) provided convincing evidence to suggest that one aspect of the Williams syndrome phenotype (i.e., hyperacusis) interacted with environmental conditions to evoke negatively reinforced challenging behavior. Aggression displayed by a young girl with Williams syndrome was assessed in demand, attention and play experimental conditions whilst the level of background noise was manipulated between no noise and noise. Aggression occurred at high rates exclusively in demand conditions that were run in the presence of noise. An intervention in which earplugs were fitted in noisy environments reduced the rate of aggression occurring in demand conditions. Whether there is a specific association between Williams syndrome and negatively reinforced behavior is at present unclear. 

Prader-Willi syndrome.
Prader-Willi syndrome occurs at a frequency of 1 in 16,000 to 25,000 and is associated with an absence of paternally derived information on the Prader-Willi critical region of chromosome 15 (Dykens & Kasari, 1997). Individuals with Prader-Willi syndrome appear to have an altered satiety response to food. Indeed, hyperphagia and obesity are present to varying degrees in most, if not all individuals with Prader-Willi syndrome by age 2 years of age (Dimitropoulos et al., 2000). A number of behavioral problems are related to Prader-Willi syndrome including food-seeking behavior, hoarding, stealing and aggression (Dykens & Kasari, 1997). 
A small number of studies have examined the relation between Prader-Willi syndrome and tangible-maintained behavior. For example, Joseph, Egli, Koppekin, and Thompson (2002) reported people with Prader-Willi syndrome were more likely to wait for a longer delay in order to access a larger magnitude of food than were controls. Other studies have reported the effectiveness of reinforcing exercise with food for people with Prader-Willi syndrome (Caldwell, Taylor, & Bloom, 1986; Keefer, Jackson, & Pennypacker, 2000). Few have addressed the impact of Prader-Willi syndrome on the function served by challenging behavior, although it would seem possible that the effects of this genetic event may serve as a motivating operation for challenging behaviors maintained by access to food (Kennedy et al., 2001). 
Fragile X syndrome.
Fragile X syndrome is the most common inherited cause of intellectual and developmental disability, and is caused by a mutation to the FMR1 gene on the long arm of the X chromosome at Xq27.3 (Verkerk et al., 1991). The behavioral phenotype of Fragile X syndrome is relatively broad and includes social anxiety and the presence of stereotypical and self-injurious behaviors (Symons, Clark, Hatton, Skinner, & Bailey, 2003).
Fragile X syndrome may be associated with challenging behavior maintained by the contingent removal of aversive stimuli (e.g., Hall, DeBernardis & Reiss, in press; Symons et al., 2003). In a postal survey study conducted by Symons et al. (2003) parents reported that 87% of participants with Fragile X displayed challenging behavior in response to routine changes, and 65% in response to task demands. In contrast only 3% of participants were reported to display challenging behavior in order to access attention. Given the reliance on parental reports and the lack of experimental manipulation the conclusions that can be drawn from this study are somewhat limited. However, Hall et al. (in press) have recently reported a relatively large-scale study, involving some 114 children with Fragile X syndrome in which patterns of responding were directly observed during antecedent manipulation of environmental conditions. Challenging behavior was more likely to occur in conditions characterized by high social or performance demands. However the order with which experimental conditions were implemented was not randomized and the consequences hypothesized to maintain behavior were not manipulated. This small body of studies indicates that the genetic event that leads to Fragile X syndrome may serve as a motivating operation for challenging behavior maintained by the removal of aversive stimuli.
Despite the explosion of interest in the behavioral phenotype there have been only a handful of studies that have attempted to address the interaction between such factors and operant behavior. Further research is required that enhances our understanding of the effects of genetic events on environment-behavior relations. Whilst genes themselves cannot be easily modified, simple environmental modifications based on the interactions discussed above can be made that may abolish the genetically originating ‘motivation’ for challenging behavior.

Neurobiological Influences
The interaction between neurobiological and environmental events has attracted increased attention in recent years. The direct and indirect effects of psycho-pharmacological agents have provided a window through which these effects can be analyzed (e.g., Jewett, Cleary, Levine, Schaal, & Thompson, 1995). An understanding of how psychotropic medications interact with the environmental conditions that evoke and maintain challenging behavior has the potential to lead to a more refined functional diagnostic approach to the selection of neurobiological interventions (Thompson, Hackenberg, Cerutti, Baker, & Axtell, 1994). It would seem apparent that the concept of the motivating operation provides a means of describing the functional relationship between neurobiological factors and operant behavior.
Psychotropic drugs. 
The direct effects of some psychotropic drugs may function as motivating operations, by exerting value- and behavior-altering effects. For example the stimulant drug methylphenidate (MPH) acts on dopaminergic neurotransmitters and has been used widely in the pharmacological treatment of behavioral problems associated with attention deficit hyperactive disorder (ADHD). Of particular significance for researchers has been the interaction effect between MPH and environmental variables (Dicesare, McAdam, Toner, & Varrell, 2005; Northup, Fusilier, Swanson, Roane, & Borrero, 1997; Northup et al., 1999). Dicesare et al. (2005) reported the effects of MPH on the challenging behavior of a young man with ADHD and intellectual disabilities. Disruptive behavior occurred exclusively in attention conditions, and at a noticeably higher rate in placebo conditions than when the participant took MPH. Others have studied the interaction between environmental variables and the opiate antagonist naltrexone (Garcia & Smith, 1999; Symons et al., 2001) as well as drugs whose effects are more gradual and less discrete such as risperidone (Yoo et al., 2003; Zarcone et al., 2004). 

Behavioral toxicity.
Psychotropic drugs may have a number of indirect and unintended effects. Such side effects may influence unintended classes of behavior and this has been termed ‘behavioral toxicity’ (Singh & Aman, 1990). In some cases it may be that such side-effects function as motivating operations (Valdovinos & Kennedy, 2004). For example, a notable side effect of anti-epileptics is to increase levels of ‘appetite’ leading to increased food consumption and weight gain. This may have not only value-altering properties (i.e. establish food as an effective reinforcer) but also behavior-altering effects (such as evoking aggression or self-injury that have led to access to food in the past). There is a paucity of knowledge regarding the prevalence, frequency or nature of psychotropic side effects in individuals with intellectual disabilities (Advokat, Mayville, & Matson, 2000). Given the high rate of poly-pharmacy in the psychiatric treatment of people with intellectual and developmental disabilities who display challenging behavior (Robertson et al., 2000), it would seem reasonable to assume that such individuals may be at a heightened risk of experiencing a high number of side effects from such medications. 

Epilepsy.
A number of studies have suggested an association between epilepsy and the heightened prevalence of challenging behavior in people with intellectual and developmental disabilities (Caplan & Austin, 2000). The effective control of epilepsy has been associated with improvements in challenging behavior in some individuals with intellectual and developmental disabilities (e.g., Scheepers, Salahudeen, & Morrelli, 2004). There is a lack of knowledge regarding the causal mechanisms that underlie the observed relationship between epilepsy and challenging behavior. Roberts, Yoder and Kennedy (2005) demonstrated that epileptic seizures experienced by three individuals were temporally associated with the occurrence of challenging behavior as recorded by care staff. The interaction between seizure occurrence and environmental events were not assessed, therefore it is unclear whether seizures functioned as a motivating operation or by some other behavioral mechanism. 

Physiological Influences
An individual’s physical and mental health and well-being may be directly related to the occurrence and non-occurrence of challenging behavior (Carr & Smith, 1995). People with intellectual and developmental disabilities may be more likely to suffer from physical and mental health conditions. Some of the variability often observed in challenging behavior may be linked to the cyclical nature of certain health conditions. Health conditions, such as sleep problems and allergies, may in some situations function as motivating operations for challenging behavior. 

Psychiatric conditions. 
A number of prevalence studies have suggested a link between psychiatric conditions and the presence of challenging behavior. (e.g., Rojahn, Matson, Naglieri, & Mayville, 2004). Associations have been found between specific topographies of challenging behavior and certain psychiatric disorders. For example, Reiss and Rojahn (1993) found that individuals who displayed aggressive behavior were four times more likely to have depression than those without aggressive behavior. 
Conceptually, at least, it appears plausible that psychiatric conditions may function in some contexts as motivating operations (Emerson, Moss & Kiernan, 1999). For example, the onset of depression may have both establishing and abolishing effects. Depression is associated with a number of physical, cognitive and emotional symptoms, including fatigue, loss of energy, insomnia and hypersomnia (Diagnostic and Statistical Manual [4th Ed.], American Psychiatric Association, 1994).  Such symptoms may serve as motivating operations for negatively reinforced behavior; momentarily establishing the removal of a social demand as an effective type of reinforcement and evoking those behaviors that have previously been negatively reinforced by its contingent removal.  Intervention could be aimed at treating the psychiatric condition (e.g., removal of depression), or the modification of environmental variables when the psychiatric condition is present (Emerson et al., 1999). Such suggestions remain to be empirically assessed however it seems that the incorporation of such variables into the analysis and treatment of challenging behavior should be a goal for future research. 

Sleep.
Undiagnosed sleep disorders are one of the most prevalent health conditions in the modern world (Dement, 1998).  Studies suggest a relatively high prevalence of sleep abnormalities in people with intellectual and developmental disabilities (Brylewski & Wiggs, 2001). A small number of studies have adopted single-case designs to isolate the effect of sleep deprivation as a motivating operation for challenging behavior displayed by people with intellectual and developmental disabilities (Horner, Day, & Day, 1997; Kennedy & Meyer, 1996; O’Reilly, 1995; O’Reilly & Lancioni, 2000). O’Reilly (1995) examined the interaction between sleep disruption and environmental factors in the aggressive behavior displayed by a young man with intellectual and developmental disabilities. Aggression occurred at higher rates in demand conditions of a functional analysis when the young man had less than 5 hours sleep. Therefore the deprivation of sleep appeared to function as a motivating operation for negatively reinforced aggressive behavior. Such research holds important implications for the targeting of sleep disorders in the treatment of challenging behavior. 
 Otitis media.
Otitis media is a physiological condition that involves the inflammation or infection of the inner and middle ear. There is no reason to suggest that individuals with intellectual and developmental disabilities are less likely to experience otitis media than are people without intellectual and developmental disabilities. A number of studies have revealed that a relationship exists between otitis media and self-injurious behavior (e.g., DeLissovoy, 1963). Of particular importance are the effects of the interaction between otitis media and environmental conditions in evoking challenging behavior. Very few studies have addressed this systematically, however O’Reilly (1997) has provided one of the few experimental demonstrations of this interaction. The effects of otitis media on self-injury during analogue functional analysis conditions were evaluated using a multi-element design embedded within a reversal design. When otitis media was present the rate of self-injury was raised across demand and high background noise conditions. This relationship was confirmed by an additional phase added to assess the effects of providing 10-sec escape from high sensory conditions contingent on self-injury. 

	Allergy symptoms and sinus infections. 
	Sinusitis and rhinoconjunctivitis are two of the most commonly reported chronic allergic diseases and there is no reason to suggest that people with intellectual and developmental disabilities are less likely to suffer from these conditions. Experimental demonstrations of the interaction between allergy symptoms and environmental factors have provided evidence to suggest that such factors function as motivating operations (e.g., Carter, 2005; Kennedy & Meyer, 1996). An elegant demonstration by Carter (2005) investigated the effects of a sinus infection on the self-injury of a young boy with autism. Whilst there appeared to be no functional relationship between the use of a weighted jacket and self-injury, the presence of a sinus infection enduringly heightened the probability of self-injury across all experimental functional analysis conditions.

Other physiological conditions.
Prevalence studies have established that an association exists between the presence of physical and sensory impairments and challenging behavior (e.g., Emerson et al., 2001). Conceptually at least such events may serve as motivating operations. For example, mobility and sensory impairments may restrict the extent to which an individual is able to independently navigate around their environment. In such circumstances access to certain classes of reinforcement, such as the provision of attention or preferred tangibles, may be restricted; establishing access to those stimuli as an effective form of reinforcement and evoking behavior, such as aggression, that has led to this in the past. Other physiological conditions that have been identified as potential motivating operations include: menstrual discomfort (Carr, Smith, Giacin, Whelan, & Pancari, 2003), gastro-intestinal problems (Wacker et al., 1996), and intra-cranial pressure (Hartman, Gilles, McComas, Danov, & Symons, 2006). 
The prevalence of such health conditions in the population of people with intellectual and developmental disabilities and their potential role as motivating operations suggests that their assessment should be included in the functional analysis of challenging behavior. This is particularly important given that a large number of people with intellectual and developmental disabilities may be unable to access treatment independently or to communicate the presence of health conditions to others. 

An Integrated Model of Challenging Behavior
It has been argued that challenging behavior is a function of (a) aberrant contingencies, including social and non-socially mediated consequences; and (b) aberrant motivation, which is established by challenging environments (environmentally based motivating operations) and challenging needs (biologically based motivating operations). Such factors, as motivating operations, establish particular consequences as effective types of reinforcement and evoke challenging behavior (see figure 1). This analysis provides a more parsimonious and empirically grounded approach than that of sensitivity theory. In contrast to sensitivity theory, an analysis based on motivating operations allows the biological and environmental determinants of behavioral variability to be directly assessed and manipulated. Evidence has been presented to support the effectiveness of such an approach in the assessment, treatment and prevention of challenging behavior. As such, the integrative model presented in the current paper provides a more accurate account of challenging behavior than one that seeks to explain variability in terms of mentalistic constructs (Reiss & Havercamp, 1997). 
  Biological factors have been shown to play an important role in establishing ‘motivation’ for challenging behavior. Behavior analysts have typically neglected the impact of biological factors on challenging behavior (e.g., Freeman et al., 1998), and it is argued that genetic, neurobiological and physiological variables may all function as motivating operations. It is neither necessary nor sufficient for researchers to ignore the complex interplay between the biological structure of people with intellectual and developmental disabilities and the operant environment in which they function (Murphy, 1994). Context imbues behavior with its meaning (Morris & Midgley, 1990), and a failure to recognize the value and behavior-altering effects of biologically based motivating operations will leave unexplained a great deal of variability in challenging behavior. Only when such variables are incorporated into assessment and treatment strategies may we expect clinically significant, long-term, generalized changes in challenging behavior (McGill, 1999). 
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